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Structural relaxation in binary hard spherical particles has been shown recently to exhibit a
wealth of remarkable features when size disparity or mixture’s composition is varied. In this paper,
we test whether or not similar dynamical phenomena occur in glassy systems composed of binary
hard ellipses. We demonstrate via event-driven molecular dynamics simulation that a binary hard-
ellipse mixture with an aspect ratio of two and moderate size disparity displays characteristic glassy
dynamics upon increasing density in both the translational and the rotational degrees of freedom.
The rotational glass transition density is found to be close to the translational one for the binary
mixtures investigated. More importantly, we assess the influence of size disparity and mixture’s
composition on the relaxation dynamics. We find that an increase of size disparity leads, both
translationally and rotationally, to a speed up of the long-time dynamics in the supercooled regime
so that both the translational and the rotational glass transition shift to higher densities. By
increasing the number concentration of the small particles, the time evolution of both translational
and rotational relaxation dynamics at high densities displays two qualitatively different scenarios,
i.e., both the initial and the final part of the structural relaxation slow down for small size disparity,
while the short-time dynamics still slows down but the final decay speeds up in the binary mixture
with large size disparity. These findings are reminiscent of those observed in binary hard spherical
particles. Therefore, our results suggest a universal mechanism for the influence of size disparity
and mixture’s composition on the structural relaxation in both isotropic and anisotropic particle
systems.
I. INTRODUCTION
Glass problems have been fundamental to technologies
since the dawn of civilization, and continue to be fas-
cinating [1–3]. Despite the intense research during the
past decades, a clear picture for the physical mechanism
of the liquid-glass transition has not been reached yet.
In general, supercooled liquids and glasses are obtained
by cooling or compressing particle systems with size dis-
parity in experimental or simulation studies, since crys-
tallization easily occurs in one-component systems with
conventional interaction potentials. Binary mixtures are
among the simplest model glass-forming systems, and,
not surprisingly, they have been widely used to address
a number of important questions related to glass forma-
tion; e.g., the Kob-Andersen binary mixture has been ex-
tensively employed to analyze structural relaxation and
dynamic heterogeneity of supercooled liquids [4, 5], to
investigate aging and shear banding in glasses [6, 7], to
understand the nature of ultrastable glasses prepared by
vapour deposition [8, 9], etc.
Apart from being good glass formers, binary mix-
tures possess their own importance in nature and have
been demonstrated to exhibit a wealth of dynamical fea-
tures recently. Over a decade ago, Williams and van
Megen [10] performed the first light-scattering experi-
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ment for a binary colloidal hard-sphere mixture with a
relatively large size disparity (i.e., δ = σB/σA ≃ 0.6,
where σB and σA designate the diameters of small and
large particles, respectively). They identified three mix-
ing effects (i.e., the effects of mixture’s composition) for
the structural relaxation (i.e., the dynamical phenomena
at high densities, which are precursors of the glass transi-
tion) when the percentage of the small particles increases
from 10% to 20% of the relative packing fraction. The
first effect is that the time scale for the final decay of the
density correlators decreases. This means that the liquid
has been stabilized due to mixing since the small parti-
cles induce a plasticization effect. The other two effects
are that the plateau value at intermediate times increases
and that the initial part of the structural relaxation slows
down. Thus, the latter two effects indicate a stiffening
of the dynamics upon mixing. Soon after, the mixing ef-
fects in binary hard spheres with moderate size disparity
(where species’ properties are similar) were investigated
in detail via mode-coupling theory (MCT) [11, 12] and
molecular dynamics (MD) simulations [13, 14]. MCT [11]
not only provides a description of the experimental result,
but also predicts that the three mixing effects described
above hold only for sufficiently large size disparity (e.g.,
δ ≤ 0.65). Additionally, a qualitatively different scenario
emerges for small size disparity (e.g., δ ≥ 0.8), i.e., mix-
ing slows down the dynamics for both the initial and the
final decay of the density correlators. Thus, the glass
regime is slightly extended due to mixing in the binary
hard spheres with small size disparity. These predictions
have been confirmed by computer simulations [13]. The
recent MCT calculations also reveal the effect of spatial
2dimension on the glass formation of binary hard spherical
particles [15]. Compared to three dimensions, the exten-
sion of the glass regime due to mixing is found to be much
more pronounced and the size disparity needs to be larger
in order to observe the plasticization effect in two dimen-
sions. Nevertheless, the qualitative behavior discovered
in the relaxation dynamics of binary hard spheres is also
retained in that of binary hard disks [15, 16]. More-
over, it should be mentioned that binary mixtures with
very large size disparity (say δ < 0.5 in three dimen-
sions and species’ properties are no longer similar in this
situation) also exhibit very rich but different dynamical
features [17], such as sublinear diffusion of small par-
ticles [18, 19] and logarithmic decay of the intermediate
scattering function at specific compositions and wave vec-
tors [20, 21].
Although size disparity and composition have profound
effects on the relaxation dynamics of binary mixtures,
it remains unknown so far as to whether a binary sys-
tem composed of anisotropic particles displays similar
dynamical features or not. In addition, it is natural
to ask how size disparity and composition affect the re-
laxation dynamics in the rotational degrees of freedom.
Such questions are important since the constituent par-
ticles of many relevant glasses have non-spherical shapes
in reality and since such studies hold potential for re-
vealing novel phenomena and providing new insights. A
system composed of ellipse-shaped particles is one of the
simplest models of two-dimensional anisotropic particles
and its jamming and glassy behaviors have recently at-
tracted much attention [22–30]. Molecular MCT [31]
predicts that new glassy phenomena should appear in
hard ellipsoidal particles. In particular, an orientational
glass, in which dynamic arrest occurs in the rotational
degrees of freedom but the translational motion of parti-
cles remains ergodic, is suggested to form in hard ellip-
soids with large aspect ratio, and its existence has been
confirmed recently by video-microscopy experiments for
monolayers of colloidal ellipsoids [28, 29] and by Monte
Carlo (MC) simulations for hard ellipses [29]. The exper-
iments [28, 30] and simulations [29] also uncover striking
structural features of dynamic heterogeneity in monolay-
ers of colloidal ellipsoids in both the translational and
the rotational degrees of freedom. However, the glassy
dynamics in binary mixtures of hard ellipsoidal particles
has not been explored yet.
The present paper focuses on the glass formation in
binary mixtures composed of hard ellipses and particu-
larly explores how size disparity and composition influ-
ence their relaxation dynamics. Via event-driven molecu-
lar dynamics (EDMD) simulations, we first demonstrate
that both the positional and the orientational order can
be suppressed in the binary hard-ellipse mixtures with
an aspect ratio of k = 2 and moderate size disparity
and that characteristic glassy dynamics emerges upon
increasing density in both the translational and the ro-
tational degrees of freedom. We find that the rotational
glass transition sets in at a density close to the trans-
lational one for the binary mixtures investigated. We
examine the influence of size disparity and composition
on the relaxation dynamics and test whether similar dy-
namical features revealed in binary hard spherical par-
ticles appear in glassy systems composed of binary hard
ellipses or not. Our results indicate that increasing size
disparity leads to a speed up of the long-time relaxation
dynamics at high densities in both the translational and
the rotational degrees of freedom. Consequently, both
the translational and the rotational glass transition shift
to higher densities for the binary mixture with larger size
disparity. When the number concentration of the small
particles is grown from 0.3 to 0.7, the time evolution of
both translational and rotational relaxation dynamics at
high densities displays two qualitatively different scenar-
ios, depending on whether the size disparity is small or
large. For small size disparity, both the initial and the
final part of the structural relaxation slow down. The sce-
nario changes qualitatively for large size disparity: The
short-time dynamics still slows down but the final decay
speeds up. Therefore, the influence of both size disparity
and composition on the relaxation dynamics are reminis-
cent of that observed in binary hard spherical particles.
Our results thus suggest a universal mechanism for un-
derstanding the influence of size disparity and composi-
tion on the structural relaxation in binary mixtures.
II. MODEL AND SIMULATION DETAILS
We consider a binary hard-ellipse mixture with moder-
ate size disparity, consisting of large (denoted by A in the
following) and small (denoted by B in the following) par-
ticles. Both types of particles have the same aspect ratio
but differ in their sizes. Thus, the control parameters for
our system include the size ratio [δ = aB/aA = bB/bA,
where aα and bα (with α = A or B) denote the semi-
major and the semi-minor axis of α particles], the number
concentration of the small particles [x = NB/(NA+NB),
where Nα is the number of α particles], and the area
fraction [φ = pi(NAaAbA +NBaBbB)/L
2 with L the box
dimension]. We use δ = 0.85 to model a small size dis-
parity, while the case with δ = 0.5 stands for a large size
disparity.
We focus on the dynamics of binary hard ellipses with
a fixed aspect ratio of k = 2 (k = aA/bA = aB/bB). The
reasons why we choose this aspect ratio are explained
as follows. For hard ellipses with large aspect ratio (say
k ≥ 3), the system has a strong tendency to form a ne-
matic phase (where particles have their centers of mass
at random but exhibit some long-range orientational or-
der) at high densities, although the positional order is
highly suppressed [32]. We found that this is even true
for a binary hard-ellipse mixture with moderate size dis-
parity, at least for small systems composed of several
hundred particles. (The formation of a nematic crystal
may be avoided for larger systems since the nematic or-
der parameter is expected to decrease with the system
3size [33].) On the other hand, the positional and the
orientational order can be simultaneously suppressed in
binary hard ellipses with smaller k. However, if the as-
pect ratio is too small (say k ≤ 1.5), the dynamics in
the rotational degrees of freedom resembles that of a free
rotator, which is quite different from the typical relax-
ation dynamics in a glass-forming liquid and which has
been also observed in MD simulations of hard ellipsoids
with aspect ratios close to unity [34, 35]. Instead, we
have found that a binary hard-ellipse system with an as-
pect ratio of around k = 2 exhibits characteristic glassy
dynamics on increasing density for the chosen size dis-
parities both translationally and rotationally. We thus
focus on a single aspect ratio of k = 2 in the present
work since this will facilitate the analysis of glassy phe-
nomena in binary mixtures. Therefore, the results in the
present paper only stand for a particular case of binary
hard ellipses. Note that the glass formation in monolay-
ers of monodisperse colloidal ellipsoids with k ≃ 2 has
been studied very recently in experiments [29, 30] and
simulations [29]. We also mention that the equilibrium
phase diagram of monodisperse hard ellipses has been
investigated by EDMD simulations [32], and more ac-
curately determined by the recent replica exchange MC
simulations [36]. For instance, the replica exchange MC
simulations [36] indicate that an isotropic-plastic tran-
sition occurs for monodisperse hard ellipses with aspect
ratios up to k ≃ 1.6, while a nematic liquid crystal forms
at sufficiently high densities when k ≥ 2.4. Therefore,
the results from the phase diagram of monodisperse hard
ellipses support our analysis above that a nematic phase
becomes irrelevant for hard ellipses with an aspect ratio
of around k = 2.
We performed EDMD simulations of binary hard el-
lipses in a square box under periodic boundary con-
ditions. The main ingredients for implementing an
EDMD simulation for hard ellipses have been described
in Refs. [32, 37, 38]. The results in the present paper are
presented for the binary mixtures with the total parti-
cle number N = NA + NB = 500. Since our aim here
is to qualitatively identify the influence of size dispar-
ity and composition on the dynamics of binary mixtures,
rather than to quantify a true liquid, it is faithful to
consider a small system with several hundred particles,
where finite size effects for the dynamics are expected to
be small [32, 39]. We also performed simulations for bi-
nary mixtures with N = 300, and the same conclusion
can be drawn from the smaller system. All the particles
have the same mass m and the same moment of inertia
I. Both m and I are set to be unity, with the recognition
that the general trends of static and dynamic quantities
will not be affected by the choice of m and I. The tem-
perature T is irrelevant for athermal systems and remains
constant due to the conservation law of the total kinetic
energy. We set the temperature as kBT = 1. Length and
time are expressed in units of 2bA and
√
4mb2A/kBT . The
starting configuration of a binary hard-ellipse system was
generated by the Lubachevsky-Stillinger compression al-
gorithm [37, 38, 40, 41]. At each state point, the sys-
tem was first equilibrated for at least several relaxation
times (see Subsection III B for the definition of relaxation
time) before collecting data. We performed at least four
independent runs in order to obtain reliable results and
improve the statistics.
III. RESULTS AND DISCUSSION
This section begins with a demonstration of the pres-
ence of characteristic glassy dynamics on increasing den-
sity for the binary hard ellipses in both the translational
and the rotational degrees of freedom. We then discuss
in detail how size disparity and composition affect the
relaxation dynamics of the binary mixtures by investi-
gating the time correlation functions.
A. Characteristic glassy dynamics in the binary
hard ellipses
(a) (b)
0 pi 2pi
θ
FIG. 1. Representative snapshots of the binary hard ellipses
with the number concentration x = 0.5 at a high area fraction
of φ = 0.855 for (a) δ = 0.85 and (b) δ = 0.5, respectively.
Particles are colored according to their orientation and θ de-
notes the angle between the particle semi-major axis and the
x-axis.
We first show that the binary hard-ellipse mixtures
with the chosen size disparities exhibit neither long-range
positional nor orientational order even at high densities.
As an illustration, two representative snapshots after long
simulation runs are presented in Fig. 1 for the binary
mixtures with x = 0.5 at a high density φ = 0.855 for
δ = 0.85 and δ = 0.5, respectively. Although some short-
range order does form at very high densities, the system
lacks any long-range order both positionally and orien-
tationally. This can be also confirmed by the pair cor-
relation functions and the angular correlation functions
(Figs. S1 and S2 in the ESI). For example, the pair cor-
relation function quickly decays to unity and only dis-
plays several peaks at short distances, indicative of the
absence of long-range positional order [Figs. S1(a) and
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FIG. 2. (a) Self-intermediate scattering function Fs,A(q, t) at
q ≃ 4.0 and (b) 3rd order orientational correlation function
L3,A(t) for the large particles at various area fractions φ [in-
dicated in (a)] in the binary hard ellipses with the size ratio
δ = 0.85 and the number concentration x = 0.5.
S2(a) in the ESI]. Likewise, the angular correlation func-
tion decays much faster than that in a nematic liquid
crystal even at the highest density studied [Figs. S1(b)
and S2(b) in the ESI], and hence, the system remains
disordered in the rotational degrees of freedom. There-
fore, glass formation occurs upon increasing density for
the binary mixtures in both the translational and the
rotational degrees of freedom.
The relaxation dynamics we concentrate on here is ex-
plored mainly by the self-intermediate scattering func-
tion and the nth order orientational correlation function,
which are defined as
Fs,α(q, t) =
1
Nα
<
Nα∑
j=1
exp{iq· [rα,j(t)−rα,j(0)]} >, (1)
and
Ln,α(t) =
1
Nα
<
Nα∑
j=1
exp{in[θα,j(t)− θα,j(0)]} >, (2)
where rα,j and θα,j are the position and orientation of
particle j belonging to species α, < · · · > indicates
the thermal average, i =
√−1, q is the wave number,
and n is a positive integer. In the following, the results
will be given for Fs,α(q, t) with q ≃ 4.0 (which is close
to the first peak of the static structure factor for the
large particles at high densities), and Ln,α(t) with n = 3,
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FIG. 3. (a) Self-intermediate scattering function Fs,A(q, t) at
q ≃ 4.0 and (b) 3rd order orientational correlation function
L3,A(t) for the large particles at various area fractions φ [in-
dicated in (a)] in the binary hard ellipses with the size ratio
δ = 0.5 and the number concentration x = 0.5.
since the reasonable choice of q and n does not affect the
qualitative behavior of the corresponding time correla-
tion functions [28, 30]. We note, however, that the ori-
entational correlation function has a form different from
eqn (2) in three-dimensional anisotropic particle systems
and depends crucially on its order n, as pointed out in
Refs. [31, 35, 42].
Fs,α(q, t) is commonly used to characterize the struc-
tural relaxation of a supercooled liquid in the transla-
tional degrees of freedom, while Ln,α(t) has been shown
recently to effectively capture the rotational relaxation of
a two-dimensional anisotropic system on approaching the
glass transition [27–30]. Therefore, the glass formation in
the binary mixtures upon increasing density can be nicely
illustrated by the time correlation functions. Since the
variation of the dynamics of both species with density is
similar, we only show the results of the time correlation
functions for the large particles in Figs. 2 and 3, where
we present the results of Fs,A(q, t) and L3,A(t) for the
binary mixtures with x = 0.5 at various area fractions
for δ = 0.85 and δ = 0.5, respectively. Both Fs,A(q, t)
and L3,A(t) are nearly exponential at area fractions be-
low φ = 0.8, while they become stretched and develop a
two-step relaxation upon further increasing density. The
two-step decay is typical of supercooled liquids and re-
flects the rattling motion of particles being trapped in
cages formed by their nearest neighbors at short times
(β-relaxation) and the motion of particles escaping from
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FIG. 4. (a) Self-intermediate scattering function Fs,A(q, t) at
q ≃ 4.0 and (b) 3rd order orientational correlation function
L3,A(t) for the large particles at three area fractions φ (in-
dicated in each panel) in the binary hard ellipses with the
number concentration x = 0.5 for δ = 0.85 (solid lines) and
δ = 0.5 (dashed lines).
the cages at long times (α-relaxation). In addition, we
find that the time correlation functions satisfy the t-φ su-
perposition property, i.e., a master curve can be obtained
at long times by plotting Fs,α(q, t) or Ln,α(t) versus t/τ
at various φ (Figs. S3 and S4 in the ESI), where τ is the
corresponding relaxation time (see subsection 3.2 for its
definition), and that the relaxation times have a power-
law dependence on φ at high densities (see Subsection
III B). The above observations are also signatures of the
glassy dynamics, as predicted by MCT [43]. Thus, our
results indicate the formation of glasses at high densities
in both the translational and the rotational degrees of
freedom. Note that the onset density of the two-step de-
cay in the binary hard ellipses is much larger than that
in their spherical counterpart (i.e., hard disks); e.g., the
two-step decay is already evident at φ = 0.77 for a hard-
disk system with a polydispersity of 12% [21]. We will
further discuss this point in Subsection III B.
B. Influence of size disparity
We now discuss the influence of size disparity on the
relaxation dynamics. To this end, we directly compare
the time correlation functions at different size disparities,
when the other parameters are held constant. Figures 4
and 5 display the results of the time correlation functions
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FIG. 5. The same as in Fig. 4, but for the small particles.
for both size disparities for fixed x and φ for A and B par-
ticles, respectively. In normal liquid states, the dynamics
of binary hard spheres can be quantitatively explained
by Enskog’s kinetic theory [13], which predicts that an
increase of size disparity (smaller δ) leads to a slowing
down of the long-time dynamics for the large particles
and a speed up for the small particles. Such phenomena
are also seen in the binary hard ellipses when the density
is low (e.g., compare different types of curves at φ = 0.8
in Figs. 4 and 5). Note that the same scenario also holds
in the rotational degrees of freedom. When the liquid
enters into the supercooled regime, the trend of the dy-
namics for the small particles remains unchanged (see
Fig. 5), since their size always diminishes upon decreas-
ing δ provided that the large particle size is used as the
length unit. While, the influence of size disparity on the
relaxation dynamics changes qualitatively for the large
particles. In both the translational and the rotational
degrees of freedom, we observe that the long-time decay
for the large particles becomes faster for smaller δ (com-
pare different types of curves for φ > 0.8 in Fig. 4), a
result again similar to that in binary hard spheres [13].
This effect becomes more pronounced at higher densities
and has been also identified as a remarkable feature of
structural relaxation since the behavior is qualitatively
different from the Enskog’s prediction.
The size-disparity effect at high densities, typical of
structural relaxation, has further implications. Since the
long-time dynamics becomes fast on the approach to the
glass transition as the size disparity increases (i.e., as δ
decreases), a higher glass transition density is expected
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FIG. 6. (a) τ
−1/γ
T,α and (b) τ
−1/γ
R,α as a function of area frac-
tion φ for both size ratios. Here, τT,α and τR,α denote the
translational and the rotational relaxation time of particle α,
respectively. The lines are MCT fits [i.e., τ ∼ (φc − φ)
−γ ]
with the fitted results summarized in Table I.
TABLE I. MCT fittings for the binary hard-ellipse mixtures.
The table summarizes the results of γ and φc for both species
in both the translational and the rotational degrees of freedom
for δ = 0.85 and δ = 0.5, respectively.
Translational Rotational
δ Particle species γ φc γ φc
0.85 A 2.94 0.8602 3.47 0.8598
0.85 B 2.94 0.8603 3.19 0.8589
0.5 A 2.48 0.8659 3.05 0.8648
0.5 B 2.47 0.8663 2.70 0.8647
for smaller δ in both the translational and the rotational
degrees of freedom. This conclusion is supported by the
empirically determined mode-coupling singularity φc, ob-
tained by power-law fits of the φ-dependence of the re-
laxation time τ , i.e., τ ∼ (φc − φ)−γ , where φc and γ are
fitting parameters. Here, we define the translational re-
laxation time τT,α and the rotational one τR,α for particle
α as Fs,α(q, t = τT,α) = 0.1 and L3,α(t = τR,α) = 0.1,
respectively. As found in other glass formers, both γ and
φc are sensitive to the range of density fitted, but we
confirmed that the general trend of φc in variation with
δ remains independent of the fit interval. Our best fits
are shown in Fig. 6 and the fitted results for γ and φc
are summarized in Table I. Furthermore, the critical area
fractions for both types of particles differ by no more than
0.001 in both the translational and the rotational degrees
of freedom, which confirms the coupling of the glassy dy-
namics for both species. (The fitted exponents γ are also
similar in our study for different types of particles.) In
accord with the influence of size disparity on the relax-
ation dynamics observed in Figs. 4 and 5, we find that
φc for the large particles increases from 0.8602 to 0.8659
in the translational degrees of freedom and from 0.8598
to 0.8648 in the rotational degrees of freedom, when δ
decreases from 0.85 to 0.5.
The translational glass transition density in the bi-
nary hard ellipses is clearly much larger than that in the
hard disks, where the MCT critical area fraction is deter-
mined to be ∼ 0.791 when the polydispersity of the sys-
tem is about 12% [21]. This observation is in agreement
with the numerical studies on the jamming transition in
ellipse-shaped particles [22, 24, 27, 29], which indicate
that the jamming transition density in a system of pure
ellipses with k = 2 are significantly higher than that in
a system of pure disks. Moreover, we notice that the
translational glass transition density φTc is slightly larger
than the rotational one φRc for both size disparities stud-
ied. Nevertheless, they do not differ too much, consistent
with the previous analysis based on the self-diffusion of
monodisperse hard ellipses [32] and recent experiments
for monolayers of colloidal ellipsoids with k ≃ 2 [29, 30].
Of course, the difference between φTc and φ
R
c may become
fairly evident for large aspect ratios, which is indeed seen
in the experiments for monolayers of hard ellipsoids with
k > 2 [28, 29].
C. Influence of composition
Turning to the influence of mixture’s composition on
the relaxation dynamics, we focus here on how the num-
ber concentration of the small particles affects the time
correlation functions at a single high density (φ = 0.855
for δ = 0.85 and φ = 0.86 for δ = 0.5), since the previous
work [13, 15, 16] suggests that the influence of mixture’s
composition becomes more pronounced as the liquid is
more supercooled. Figures 7 and 8 display the results of
Fs,A(q, t) and L3,A(t) at a fixed density for various com-
positions x for δ = 0.85 and δ = 0.5, respectively. It
is obvious that the influence of composition is similar for
both Fs,A(q, t) and L3,A(t), regardless of whether the size
disparity is small or large (compare both panels in Figs.
7 and 8), indicating that mixture’s composition affects
the translational and the rotational relaxation dynamics
in the same way. Moreover, two qualitatively different
scenarios, reminiscent of those in binary hard spherical
particles, appear in the binary hard-ellipse mixtures, de-
pending on whether the size disparity is small or large.
For small size disparity (δ = 0.85), a slowing down of the
relaxation dynamics occurs for both the initial and the
final decay when the number concentration x grows from
0.3 to 0.7 at a fixed area fraction, and thus no crossing of
the curves in the entire time interval is observed (see Fig.
7). This implies that mixing yields a slight extension of
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FIG. 7. (a) Self-intermediate scattering function Fs,A(q, t) at
q ≃ 4.0 and (b) 3rd order orientational correlation function
L3,A(t) for the large particles for various compositions x [in-
dicated in (a)] in the binary hard ellipses with the size ratio
δ = 0.85 at the area fraction φ = 0.855. The results are
similar for the small particles.
the glass regime in both the translational and the rota-
tional degrees of freedom. By contrast, an increase of x
in the binary mixture with large size disparity (δ = 0.5)
leads to a slowing down of the initial decay but a speed
up of the final decay, resulting in the curves’ crossing in
the time interval for the second relaxation step (see Fig.
8). In this case, mixing induces a plasticization effect
and leads to the stabilization of the liquid. As explained
in Ref. [10], along with Refs. [44, 45], this plasticization
effect arises because admixing small particles while main-
taining volume fraction increases packing efficiency of the
system, and thus enhances flow and structural relaxation.
Therefore, the influence of composition in binary hard
ellipses is qualitatively the same as in binary hard spher-
ical particles. As introduced in Section I, these mixing
effects are characteristic of structural relaxation. Our
results thus suggest that a universal mechanism for the
influence of size disparity and composition on the struc-
tural relaxation of binary mixtures can be established in
both isotropic and anisotropic particle systems.
Finally, it would be interesting to explore the dy-
namic heterogeneity (i.e., the relaxations of particles are
not uniform in space) in the binary hard ellipses, since
the recent experiments and simulations [28, 29] reveal
that dynamic heterogeneity exhibits remarkable struc-
tural features in monolayers of colloidal ellipsoids. For
instance, the distributions of translational and rotational
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FIG. 8. (a) Self-intermediate scattering function Fs,A(q, t) at
q ≃ 4.0 and (b) 3rd order orientational correlation function
L3,A(t) for the large particles for various compositions x [in-
dicated in (a)] in the binary hard ellipses with the size ratio
δ = 0.5 at the area fraction φ = 0.86. The results are similar
for the small particles.
fast-particle clusters are found to be anticorrelated in
space in monolayers of monodisperse colloidal ellipsoids
with k ≃ 6, and the fasted particles in the translational
degrees of freedom form a few ribbonlike clusters aligned
with their long axes within the pseudonematic domains,
while the clusters of the rotationally fastest particles have
branchlike structures extending over several small do-
mains around the domain boundaries. Such topics are
absolutely a worthwhile line of research to pursue in the
binary hard ellipses. However, the system size used in
the present work is not faithful to address such ques-
tions. Thus, an analysis of the dynamic heterogeneity in
binary mixtures of hard ellipses is not performed in the
present paper.
IV. SUMMARY
In summary, we have shown via EDMD simulations
that the glass transition can occur both translationally
and rotationally in binary mixtures of hard ellipses with
an aspect ratio of k = 2 and moderate size disparity. For
this aspect ratio, the rotational glass transition is found
to set in at a density close to the translational one for
both size disparities studied. We have examined the in-
fluence of size disparity and mixture’s composition on the
relaxation dynamics in order to test whether or not the
8binary hard-ellipse mixtures exhibit the dynamical fea-
tures observed in binary systems composed of spherical
particles. Our results indicate that increasing size dispar-
ity leads to a speed up of the long-time relaxation dynam-
ics in both the translational and the rotational degrees
of freedom. Thus, both translational and rotational glass
transition are at higher densities for the binary mixture
with larger size disparity. When the number concentra-
tion of the small particles is increased, the time evolution
of both translational and rotational relaxation dynamics
displays two qualitatively different scenarios, depending
on whether the size disparity is small or large. For small
size disparity, both the initial and the final part of the
structural relaxation slow down. While, the short-time
dynamics still slows down but the final decay speeds up in
the binary mixture with large size disparity. Therefore,
the influence of mixture’s composition on the relaxation
dynamics is also similar to that in binary hard spheri-
cal particles. Our results suggest a universal mechanism
for the influence of size disparity and mixture’s compo-
sition on the structural relaxation in both isotropic and
anisotropic particle systems.
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1Electronic Supplementary Information
S1 Static structure of the binary hard ellipses—This section provides additional evidence that the binary
hard-ellipse mixtures investigated in the present work exhibit neither long-range positional nor orientational order
upon increasing density. Figures S1 and S2 display the pair correlation functions gA(r) and the angular correlation
functions g2,A(r) for the large particles at various area fractions φ for δ = 0.85 and δ = 0.5, respectively, when the
number concentration of the small particles is fixed at x = 0.5. Definitions for pair correlation function and angular
correlation function can be found in Ref. [32]. As shown in Figs. S1(a) and S2(a), the pair correlation function gA(r)
quickly decays to unity and only displays several peaks at short distances, indicative of the absence of long-range
positional order. In addition, Figures S1(b) and S2(b) imply that the angular correlation function g2,A(r) decays
much faster than that in a nematic liquid crystal, where the angular correlation function decays slower than the
power law g2(r) ∼ r−1/4 [32]. Thus, the binary mixtures also remain disordered in the rotational degrees of freedom.
Therefore, Figures S1 and S2 further confirm that the long-range order in the binary hard ellipses investigated in the
present work is suppressed in both the translational and the rotational degrees of freedom.
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FIG. S1. (a) Pair correlation function gA(r) and (b) angular correlation function g2,A(r) for the large particles at various area
fractions φ [indicated in (a)] in the binary hard ellipses with the size ratio δ = 0.85 and the number concentration of the small
particles x = 0.5. The black line in (b) highlights the fact that g2,A(r) for the binary mixture decays much faster than the
power law g2(r) ∼ r
−1/4, indicating the absence of any long-range orientational order in the system.
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FIG. S2. (a) Pair correlation function gA(r) and (b) angular correlation function g2,A(r) for the large particles at various area
fractions φ [indicated in (a)] in the binary hard ellipses with the size ratio δ = 0.5 and the number concentration of the small
particles x = 0.5. The black line in (b) highlights the fact that g2,A(r) for the binary mixture decays much faster than the
power law g2(r) ∼ r
−1/4, indicating the absence of any long-range orientational order in the system.
S2 Time-density superposition property of time correlation functions in the binary hard ellipses—
This section provides additional results for illustrating the characteristic glassy dynamics in the binary hard ellipses
2investigated in the present work. Specifically, Figures S3 and S4 display the self-intermediate scattering function
Fs,A(q, t/τ) at q ≃ 4.0 and the 3rd order orientational correlation function L3,A(t/τ) for the large particles as a
function of t/τ for δ = 0.85 and δ = 0.5, respectively. Here, τ is the relaxation time, defined as the time where the
corresponding time correlation function decays to 0.1. Data collapse is observed at long times for both size ratios and
for both Fs,A(q, t/τ) and L3,A(t/τ), implying that the t-φ superposition property is satisfied in both the translational
and the rotational degrees of freedom. This superposition property is also a signature of the glassy dynamics, as
predicted by the mode-coupling theory [43] and observed in other glass-forming liquids (see, e.g., Ref. [14]), thereby
providing additional evidence for the appearance of characteristic glassy dynamics in the binary hard ellipses in both
the translational and the rotational degrees of freedom. We note that the t-φ superposition property in the binary hard
ellipses appears only at sufficiently high densities (i.e., φ is larger than ∼ 0.83 for the binary mixtures investigated),
which are typically above the onset density where the time correlation function begins to develop a two-step decay.
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FIG. S3. (a) Self-intermediate scattering function Fs,A(q, t/τ ) at q ≃ 4.0 and (b) 3rd order orientational correlation function
L3,A(t/τ ) for the large particles as a function of t/τ with τ being the corresponding relaxation time at various area fractions
φ in the binary hard ellipses with the size ratio δ = 0.85 and the number concentration of the small particles x = 0.5. Data
collapse at long times indicates that time correlation functions satisfy the t-φ superposition property in the binary hard ellipses
in both the translational and the rotational degrees of freedom.
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FIG. S4. (a) Self-intermediate scattering function Fs,A(q, t/τ ) at q ≃ 4.0 and (b) 3rd order orientational correlation function
L3,A(t/τ ) for the large particles as a function of t/τ with τ being the corresponding relaxation time at various area fractions
φ in the binary hard ellipses with the size ratio δ = 0.5 and the number concentration of the small particles x = 0.5. Data
collapse at long times indicates that time correlation functions satisfy the t-φ superposition property in the binary hard ellipses
in both the translational and the rotational degrees of freedom.
